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ABSTRACT 



The new satellite communications repeater test method 
allows multiple transponders to be tested from a single 
ground test station. The satellite's receive antenna is aligned 
with the ground station antenna and uplink test signals are 
transmitted to the satellite. The uplink test signal is con- 
verted to a corresponding downlink signal which is distrib- 
uted to the transponders fed by the receive antenna. Prior to 
transmission from the satellite, the amplified downlink sig- 
nals are sampled and combined and/or switched into a single 
path having a frequency spectrum which includes the fre- 
quency bands of the sampled downlink signals. The com- 
bined signal is transmitted to the ground test station from a 
wide angle transmit antenna. The received downlink signals 
are measured and stored for later processing to validate the 
operational characteristics of the transponders. In an alter- 
native embodiment, the sampling and combining matrix 
includes switches for selecting the sampled signals to be 
combined. 

19 Claims, 5 Drawing Sheets 
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APPARATUS AND METHOD OF TESTING 
MULTI-BEAM SATELLITE REPEATER 
IN-ORBIT FROM A SINGLE GROUND 
STATION USING A SAMPLING AND 
COMBINING MATRIX 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to in-orbit testing of communica- 
tion satellites, and more particularly to in-orbit repeater 
testing from a single location on the ground of a satellite that 
broadcasts multiple downlink beams over a large geographic 
area, 

2. Description of the Related Art 

Multi-beam satellites are tested after a successful launch 
to verify the operation of the receive and transmit antennas 
and the electronic subsystems. A satellite repeater includes 
all of the electronics between the receive and the transmit 
antennas. The transponder includes a receive antenna, the 
electronics associated with the antenna, and one or more 
transmit antennas. As shown in FIG. 1, a single ground 
station 2 transmits an uplink signal 4 that contains broadcast 
information. A satellite 6 boosts the signal and distributes it 
to a plurality of narrow-beam transmit antennas that transmit 
spot beams Sa-Hd to different geographic regions lQa-lOd. 
The use of multiple downlink beams having smaller areas of 
coverage allows the broadcast information to be transmitted 
to individuals in specific areas, and reusing those same 
frequencies in other diverse areas. 

In-orbit satellite test procedures are described in Egly et 
al, "In-Orbit Test of the First Hughes United States Direct 
Broadcast Satellite", International Journal of Satellite 
Communications, Vol. 13, No. 5, September-October 1995, 
pages 301-312 and in Kasstan et al, "Recent Advances in 
'In-Orbit Testing* of Communications Satellites", Interna- 
tional Journal of Satellite Communications, Vol 13, No. 5, 
September-October 1995, pages 377-401. The tests dis- 
closed in the articles do not sample the amplified downlink 
signal prior to transmission from the satellite. 

A network of ground test stations are distributed through- 
out the different-geographic regions-lOa-lOd to.receiye the 
^downlink signals ' andjyerify dfperatioh of 'the satellite sub- 
systems. A test signal is transmitted from ground station 2, 
amplified, and rebroadcast in downlink beams (Sa-Hd), 
which arc sampled within their respective areas of coverage 
(lda-lOd). In the example shown in FIG. 1, four test 
stations, one within each downlink beam, are required to 
receive downlink signals corresponding to the uplink test 
signal. Usually the ground test stations are portable so that 
the downlink signal can be measured from multiple points 
within the area of coverage. The power tests are conducted 
from a location within the downlink beam where the power 
level of the downlink signal is at or near maximum. The 
measured data is then combined with characteristics of the 
test signal and processed to verify operation. 

A major disadvantage of the test method just described, is 
that the test is repeated at multiple ground test stations. As 
the number of channels increases, so does the number of 
tests which must be performed. Increasing the number of 
tests performed increases the time and cost of verifying the 
operation of the satellite. 

SUMMARY OF THE INVENTION 

'Hie present invention provides a fast, low-cost apparatus 
and method for performing in-orbit repeater tests after 
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launch. Positioning the satellite so that a receive antenna is 
aligned with the ground test station antenna provides the 
necessary link for testing the repeater. An uplink test signal 
is generated and transmitted from the single ground test 

5 station. The uplink test signal is converted to a downlink 
signal, amplified, and distributed to the transmit antennas 
fed by the receive antenna. 

A directional coupler preceding each transmit antenna 
samples the downlink signal and a matrix of signal com- 

10 biners and/or switches that selectively routes the sampled 
outputs to a single test amplifier. At one extreme, an exten- 
sive switch network routes each output test sample to the test 
amplifier. In the other extreme, a passive unswitched net- 
work of combiners combines all of the sampled outputs into 

15 a single output that is fed to the test amplifier. The amplified 
signal is transmitted from a wide angle transmit antenna to 
the single ground test station. The wide angle transmit 
antenna allows transmission of the downlink signal regard- 
less of the position of the satellite. The test procedure is 

20 repeated for each receive antenna, with the received down- 
link signals being used to verify the operation of the satel- 
lite's repeater. 

A disadvantage of previous methods of testing in-orbit 
satellites, is time and cost. Multiple downlink test sites are 

25 required to receive and analyze the multiple downlink 
signals. As the number of transmit antennas being fed by a 
receive antenna increased, so does the number of test sites 
required to verify operation. The new test method over- 
comes this disadvantage by providing a method of testing 

30 multiple receive antennas and their corresponding transpon- 
ders from a single ground test station. 

Another advantage of the new method of testing an inorbit 
satellite is its use of existing satellite hardware. The only 

35 additional hardware required are directional couplers for 
sampling the downlink signals, a matrix of signal combiners 
and/or switches to provide a single combined downlink test 
signal, and a wide angle coverage transmit antenna. 
These and further features and advantages of the inven- 

40 tion will be apparent to those skilled in the art from the 
following detained description, taken together with the 
accompanying drawings, which are not to scale. 

7 BRIEF DESCRIPTION OF THE DRAWINGS 

45 FIG. 1, as described above, illustrates a multi-beam 
satellite in-orbit; 

FIG. 2 is a schematic diagram of a multi-beam satellite 
repeater in accordance with the invention; 

FIG. 3 is a schematic diagram of a of an onboard repeater 
50 test circuit; 

FIG. 4 is a sample satellite test configuration in accor- 
dance with the invention; and 

FIG. 5 is a flow diagram of the repeater test method for 
55 the sample test configuration of FIG. 3; 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides an apparatus and method 
60 for testing the repeater of an in-orbit satellite. The new 
approach allows in-orbit testing of multiple transponders to 
be performed from a single ground test station, which 
reduces the time and cost of performing the tests. 
A schematic diagram of a satellite repeater 11 in which a 
65 receive antenna 12 receives an uplink signal and feeds four 
transmit antennas 28a-28d is shown in FIG. 2. An amplifier 
16 and a mixer 18 remove noise and convert the uplink 
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^signal-to a corresponding downlink signal A$i§ider net- T-switch has four microwave paths which are selectively 

wffij^ Input channel interconnected. There are three different states, in which 

filters Ua-U^r^^^^^^^thQ desired frequency opposing pairs of the microwave paths are switched to a 

range. Channel amplifiers 22a-22d increase the gain of the signal connecting position to couple two pairs of ports while 

respective signals. After the downlink signals are amplified 5 the remaining paths are switched to a signal- attenuating 

by high power amplifiers 24a-24d, output filters 26a-26d position. Two ports can be used as input ports which are then 

remove frequencies outside the desired channel band and the selectively switched to interconnect with either port three or 

signals are transmitted from transmit antennas 2Ha-2Hd in P° rt four ' one of whi * h f ^ ds the ™ xX stag * ™ the matr ?- 

respective downlink beams. ^ microwave switches 33 must be controlled to route the 

JL„ _ . , . .„ ■ h« output samples to the amplifier 34. To actuate the switches, 

HG. 3 is a schematic diagram illustrating the additional 10 commands are transmitted from the ground test station t0 the 

sampling, combining, and switching circuitry that is inte- satellite's telemetry circuitry via a telemetry antenna on the 

grated with the existing hardware. The circuitry includes a satellite 

plurality of directional couplers 30a-30a (that are connected A sam communjcations sate „ ite test mnnm!iliQa is 

between each high power amplifier and the transmit antenna shown , n p , G 4 ^ sj , e d ^ statjon inc]udes fl 

it feeds. A directional coupler is a waveguide component « tor38 for generating up i ink test signal, a mgh 

which has spaced slots separating two parallel waveguides p ° wer ° mplifier 42 for increasing the power of the uplink 

and ,s common m the industry. As the downhnk signal si rfor (o transmissi and , test antenna 44 which 

passes through the directional coupler, a portion, or sample transmits & ^ and recejves co ndi down . 

of the signal passes through the slots into the parallel port. ^ ^ j* s(ation ako .^J^ a s ^ clmm 

The direction^ coupler provides a sample of the downhnk 20 & ^ ^ ^ received ^ 

signal at a level compatible with the allowable insertion loss ^ , er 48 tQ recorf data corre £ ondi to , he 

imparted on the main signal while maintaining sufficient downlink signals 163 

sampled power. ^ ^ diagram of the new method of testing satellite 

A matrix of signal combiners 32 and/or switches 33 transponders after launch from a single ground test station is 

selectively routes the sampled outputs from a plurality of shoWQ ^ nG 5 for the ^ wnfiguration of FIG. 4. 

transponders to a single spare power amplifier 34. At one Commands are transmitted from the test station directing the 

extreme, the matrix comprises only switches 33 such that tQ ch ^ itk)n ( 5Q) ^ ^ ^ recdve 

each sampled output is applied to the amplifier 34 indepen- antenna n feedi the lransponder urjder tes t, fa aligned 

dent of the other samples. This provides processing ^ ^ d ^ anteQna 44 y Knk ^ sj ^ ^ 

flexibility but increases cost, complexity, weight and the test within ^ fr band of the receive antenna 12 are 

duration At the other extreme, all of the sampled outputs are generated> amp i ified , and transmitted (step 52). The received 

routed through a passive, unswitched matnx of signal com- link ^ signals are to corresponding down i ink 

biners 33 that produces a single combined signal that is sj b b mixef 18> and distributed by divider network 2 0 

applied to the amplifier 34. Although similar, this approach tfa fa { channd fiUers {Q theif tive 

may suffer from increased noise levels and signal multipath. ^ channel amp i iners 2 2a-22d, four in this example 

In the preferred embodiment shown, the signal combiners ( step 54) After the downlink signals have been amplified by 

32 group some of the output signals together and switches 33 channel amplifiers 22a-22d and filtered by output channel 

selectively route the different combined signals to the power nlte rs 26a-26d for transmission (step 56) from transmit 

amplifier 34. As the number of transmit antennas increases, antennas 28«-28d, they are routed through directional cou- 

the number of combiner/switch stages will also increase. p i ers 30<?-30d where the signals are sampled (step 58). 

The driving line between combiners 32 and switches 33 will ^ sampled signals are by signal com biners 

depend upon the characteristics of a particular embodiment. (step 6Q) (Q produce a subset of ^mbine* signals . M shown, 

The mixed architecture can be optimized for cost or perfor- combmers 32 produce two different signals. Alternatively, 

mance ' 45 all of the signals could be combined into one signal or the 

Waveguide combiners 32 are junctions at which two or step could be skipped entirely. As shown, switch 33 switches 
more waveguide sections terminate into a combined section. between the two combined signals (step 61) to drive the 
The combined section has a large enough bandwidth to pass amplifier 34 (step 62). Alternatively, each of the sampled 
signals within the frequency band of the transmit circuits outputs can be switched through to the amplifier indepen- 
feeding into it. The multiple signals are combined into a 5Q dent iy or the step skipped altogether. The frequency spec- 
single device having a frequency spectrum which includes t rum of the combined downlink signal 63 includes the 
the frequency bands and energy of the combined signals. frequency bands of the sampled signals. The combined 

Attenuators are placed within the combining matrix to signal is amplified by a spare amplifier (step 64) and 

balance the sampled signals relative to each other. transmitted from a wide angle transmit antenna (step 70). 

Waveguide attenuators built into the waveguides attenuate 55 The downlink signal 63 received by the ground test 

the signal by absorption and reflection so that the power antenna 44 is measured by test equipment 46 such as a 

level of the multiple sampled signals is approximately the spectrum analyzer, frequency counter, group delay analyzer, 

same, power meter, or other measurement device, and information 

The signal level entering the spare amplifier 34 is adjusted relating to the signal is recorded by the test station computer 

so that it is operating in a linear region during the test. By 60 48 for later processing (step 72). Downlink signals from 

operating the spare amplifier 34 in the linear region, the test different channels have different frequency bands, 

circuitry does not effect the characteristics of the sampled Information, such as power level, is recorded for signals 

signal. The attenuation level may be adjusted prior to launch within each downlink band. The information extracted from 

or may be adjustable by transmitting commands from a the returned downlink signal may be used to verify the 

ground test station to the satellite's telemetry circuitry. 65 operation of each channel after launch. 

Switches 33 are typically multi-state microwave switches Using the new test method just described, an in-orbit 

such as the well known R or T-switch configurations. A communications satellite repeater can be tested from a single 
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ground test station. Prior tests required an uplink signal to be 
transmitted from multiple uplink sites and downlink signals 
were received at test stations within each downlink beam. 
By sampling and combining multiple downlink signals prior 
to transmission, and transmitting the combined downlink 5 
signal from a wide angle transmit antenna, all of the chan- 
nels fed by the receive antenna can be tested from a single 
test station. After testing the transponders fed by the receive 
antenna, commands are transmitted directing another 
receive antenna to be aligned with the test station antenna, jo 

By aligning each receive antenna with the test station 
antenna and transmitting a combined downlink signal from 
the broad range transmit antenna, the entire satellite repeater 
can be tested from a single ground test station. Using the 
new test method reduces the time and cost of performing 15 
in-orbit repeater tests without significantly increasing the 
weight of the satellite. 

An advantage of using a switching matrix is that it reduces 
the possibility of adding unwanted noise to the combined 
signal. It also provides a method of testing individual 20 
channels. The disadvantage of using a switching matrix is 
increase in cost and time required to complete the repeater 
tests. 

The sample test configuration shown in FIG. 4 is illus- 
trated for the purpose of explaining the method of testing a 25 
multi-beam satellite from a single ground test station. 
Although the sampling and combining matrix was described 
using directional couplers and microwave combiners or a 
series of switches, alternative hardware, such as a combi- 
nation of combiners and microwave switches, could be used. 30 
Alternative embodiments will occur to those skilled in the 
art. Such variations and alternatives are contemplated, and 
can be made without departing from the spirit and scope of 
the invention defined in the appended claims. 

I claim: 35 

1. A method of testing a multi-beam satellite from a single 
ground test station, comprising the steps of: 

transmitting position commands to said satellite from said 

ground test station, 
aligning a receive antenna on said satellite in accordance 40 

with said position commands, 
transmitting a test signal to said receive antenna on said 

satellite from said ground test station, 
converting said test signal to a plurality of downlink ^ 

signals onboard said satellite, 
sampling said downlink signals between respective power 

amplifiers and transmit antennas using respective direc- 
tional couplers; 
routing said sampled downlink signals into a single down- 50 

link test signal at the input of a test amplifier, 
amplifying said single downlink test signal by said test 

amplifier, 

transmitting said amplified downlink test signal from said 
satellite to said ground test station, and 55 

using said received combined signal to verify the opera- 
tion of said satellite. 

2. The test method of claim 1, wherein said routing 
includes combining said plurality of sampled downlink 
signals to produce a single downlink test signal having a 60 
frequency spectrum including the frequency bands of said 
combined downlink signals. 

3. The test method of claim 1, wherein said routing further 
includes: combining less than all of said plurality of sampled 
downlink signals to produce a subset of said downlink test 65 
signals, and selectively switching said subset to said test 
amplifier. 
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4. The test method of claim 1, wherein said routing 
includes selectively switching a single sampled downlink 
signal to said test amplifier comprising: transmitting a 
switch position command to said satellite from said ground 
test station, and actuating at least one signal switch in 
accordance with said switch position command. 

5. The test method of claim 1, further including measuring 
a characteristic of said received combined signal at said 
ground test station, storing said measured characteristic, and 
using said measured characteristic to verify the operation of 
said satellite. 

6. The test method of claim 5, wherein said received 
combined signal characteristic is measured by a frequency 
counter. 

7. The test method of claim 5, wherein said received 
combined signal characteristic is measured by a group delay 
analyzer. 

8. The test method of claim 5, wherein said received 
combined signal characteristic is measured by a power 
meter. 

9. The test method of claim 5, wherein said received 
combined signal characteristic is measured by a spectrum 
analyzer. 

10. An apparatus for performing an in-orbit satellite 
repealer test from a single ground test station, comprising: 

a satellite comprising: a receive antenna for receiving a 
test signal from said single ground test station, a mixer 
to convert said test signal to a plurality of downlink 
signals, and a plurality of amplifiers that amplify said 
downlink signals, 

a plurality of directional couplers that sample said ampli- 
fied downlink signals, 

a plurality of transmit antennas connected to transmit 
respective sampled amplified downlink signals, 

a signal matrix that routes said sampled downlink signals 
to produce a single downlink test signal, 

a test amplifier that increases the power of said downlink 
test signal, and 

a test transmit antenna that transmits said amplified down- 
link test signal. 

11. The apparatus of claim 10, wherein said signal matrix 
includes a plurality of signal combiners that combine said 
sampled downlink signals to produce a single downlink test 
signal. 

12. The apparatus of claim 10, wherein said signal matrix 
includes a respective plurality of switches that selectively 
route said sampled downlink signals to said test amplifier. 

13. The apparatus of claim 10, wherein said signal matrix 
includes a combination of signal combiners and switches 
that selectively route less than all of said downlink signals 
to said test amplifier. 

14. A method of testing a multi-beam satellite from a 
single ground test station, comprising the steps of: 

transmitting an uplink test signal to a receive antenna on 
said satellite from said ground test station, 

generating and sampling a plurality of downlink signals 
corresponding to said received uplink test signal; 

routing said sampled downlink signals to produce a single 
downlink test signal, 

amplifying said single downlink test signal by an ampli- 
fier onboard said satellite, 

transmitting said downlink test signal from said satellite 
to said ground test station, and 

using said transmitted downlink lest signal to verify the 
operation of said satellite. 
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15. The test method of claim 14, further including trans- 
mitting position commands to said satellite from said ground 
test station and positioning said satellite in accordance with 
said position commands so that said receive antenna is 
aligned with said ground test station. 5 

16. The test method of claim 14, wherein said routing 
includes combining said plurality of sampled downlink 
signals to produce a single downlink test signal having a 
frequency spectrum which includes the frequency bands of 
said combined downlink signals. 10 

17. The test method of claim 14, wherein said routing 
further includes combining less than all of said plurality of 
sampled downlink signals to produce a subset of said 
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downlink test signal, and selectively amplifying said subset 
to said amplifier. 

18. The test method of claim 14, wherein said routing 
includes selectively switching a single sampled downlink 
signal to said amplifier. 

19. The test method of claim 18, wherein said selectively 
switching includes transmitting a switch position command 
to said satellite from said ground test station, and actuating 
at least one signal switch in accordance with said switch 
position command. 

***** 
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